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[Name of Document] SPECIFICATION 

[Title of the Invention] 
OPTICAL RECORDING MEDIUM AND OPTICAL RECORDING/REPRODUCING 
METHOD 

[Claims] 

[Claim l] An optical recording medium comprising at least: 
a supporting substrate; 

a recording layer on the supporting substrate, the 
recording layer containing an organic compound as a major 
component ; and 

a light -transmitting layer on the recording layer, the 
light-transmitting layer being capable of transmitting laser 
light with a wavelength of 390 to 420 nm for recording and 
reproducing information , 

wherein the organic compound in the recording layer 
includes a trimethine cyanine dye that has the minimum value 
n min of its refractive index n ( real part of the complex refractive 
index) within the range of 370 to 425 nm and has a refractive 
index n of 1 . 2 or lower with respect to the wavelength of the 
recording/reproducing laser light, and the organic compound, 
when absorbing the laser light, melts or degrades to bring about 
a change in the refractive index, thereby effecting recording 
of the information. 
[Claim 2] The optical recording medium according to claim 
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1, wherein, at the wavelength of the reproducing laser light, 
the melting or the degradation of the organic compound causes 
an increase in the refractive index n of the organic compound. 

[Claim 3] The optical recording medium according to claim 
1 or 2, wherein the organic compound has an extinction 
coefficient k (imaginary part of the complex refractive index) 
of 0.15 or above, with respect to both the wavelength of the 
recording laser light and the wavelength of the reproducing 
laser light. 

[Claim 4] The optical recording medium according to any one 
of claims 1 to 3, wherein the trimethine cyanine dye contains 
a trimethine chain with two nitrogen-containing heterocyclic 
rings positioned on ends of the trimethine chain, one of the 
two nitrogen-containing heterocyclic rings being selected from 
the group consisting of benzoxazole, thiazoline, andthiazole, 
and the other of the two heterocyclic rings being selected from 
the group consisting of benzoxazole, benzimidazole , indolenine, 
thiazoline, and thiazole. 

[Claim 5] The optical recording medium according to any one 
of claims 1 to 4, wherein the trimethine cyanine dye contains 
a trimethine chain with two nitrogen-containing heterocyclic 
rings positioned on ends of the trimethine chain, the two 
nitrogen-containing heterocyclic rings being identical to one 
another . 

[Claim 6] The optical recording medium according to any one 
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of claims 1 to 5, wherein the recording layer contains, in 
addition to the organic compound, a quencher. 

[Claim 7] An optical recording/reproducing method, 
comprising the steps of : 

providing an optical recording medium comprising at least 
a supporting substrate; a recording layer on the supporting 
substrate, the recording layer containing an organic compound 
as a major component; and a light -transmitting layer on the 
recording layer, the light- transmitting layer being capable 
of transmitting laser light with a wavelength of 390 to 420 
nm for recording and reproducing information, wherein the 
organic compound in the recording layer includes a trimethine 
cyanine dye that has the minimum value n mln of its refractive 
index n (real part of the complex refractive index) within the 
range of 370 to 425 nm and has a refractive index n of 1.2 or 
lower with respect to the wavelength of the 

recording/reproducing laser light, and the organic compound, 
when absorbing the laser light, melts or degrades to bring about 
a change in the refractive index; 

irradiating a recording laser light of 390 to 420 nm onto 
the optical recording medium from the light- transmitting layer 
side thereof to effect recording of the information, whereupon 
the refractive index n of the organic compound with respect 
to the wavelength of reproducing laser light of 390 to 420 nm 
is raised in the area irradiated with the recording laser light ; 
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and 

subsequent to the recording step, irradiating the 
reproducing laser light of 390 to 420 nm onto the optical 
recording medium from the light- transmitting layer side thereof 
to effect reproducing of the information. 
[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] 

The present invention relates to an optical recording 
medium that includes a recording layer composed mainly of an 
organic compound, and to an optical recording/reproducing 
method using the optical recording medium. 

[0002] 

[Prior Art] 

Rewritable media for optical recording of information, 
such as CD-Rs (compact disk-recordable) and DVD-Rs (digital 
versatile disk-recordable) , have become widely used. Such 
recording media include a recording layer that makes use of 
an organic dye. CD-R, a recording medium that permits the use 
of near infrared laser light in recording/reproduction of 
information, offers advantageous characteristics, such as low 
prices and ability to keep recorded information from being 
altered, that have made this recording medium widely accepted 
in the marketplace. In response to an increasing demand for 
high-density recording medium that offers long recording time. 
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DVD-Rs have been developed and become increasingly popular. 
DVD-Rs enable long-time recording by permitting the use of 
infrared laser light in recording/reproducing of information: 
DVD-Rs can utilize recording/reproducing laser light with a 
wavelength of 650 nm, as compared to 780 nm used in CDs, and 
optical systems employed in DVD-Rs achieve a numerical aperture 
(referred to as 1 NA, ' hereinafter) of 0.6, as compared to 0.4 5 
for CDs . In this manner, DVD-Rs have achieved a large recording 
capacity (4.7 GB/per side), which is 6 to 8 times larger than 
that of CDs and allows about 2 -hour recording time when typical 
TV signals are recorded. 
[0003] 

To meet a demand for recording media with even higher 
recording density, efforts have been made to further decrease 
the wavelength of the recording/reproducing laser light and 
increase the numerical aperture of the optical system employed. 
For example, an advanced optical recording medium is proposed 
for use in a system in which blue-violet semiconductor laser 
light (390 to 420 nm in wavelength) is used as the 
recording/reproducing laser light in conjunction with a lens 
system with an NA of 0.76 or higher. The use of the short 
wavelength laser light is expected to bring about a significant 
increase in the recording density of optical recording media. 
[0004] 

Various organic dye materials have been proposed for use 
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in the recording layers of CD-Rs and DVD-Rs. Some of these 
materials that have already been put to practical use are such 
that the long wavelength region of their absorption spectrum 
corresponds to the wavelength of the recording/reproducing 
laser light and the requirements for both the high refractive 
index (n>2.0) and the proper extinction coefficient (0.01 < 
k < 0.10) are met in the long wavelength region. When the 
recording laser light is irradiated onto the recording layer, 
the organic dye material absorbs the light and as a result, 
melts or degrades, which in turn causes the refractive index 
of the recording layer to decrease from a relatively high value 
to a relatively low value. As a result, recording pits are 
formed to record information. To subsequently reproduce the 
recorded information, the reproducing laser is shone onto the 
recording layer and the information is read by taking advantage 
of the difference in the reflective index with respect to the 
laser light between the recording pit and the surrounding 
non-recording area. 
[0005] 

CD-Rs and DVD-Rs are both required to have a high reflective 
index in order to ensure compatibility with CD-ROMs (read-only 
memory) and DVD-ROMs, both of which have a high reflective index. 
However, the organic dye material that has a refractive index 
of 2 < n < 3 and an extinction coefficient of 0 . 01 < k < 0 . 10 
cannot provide a desired high reflective index by itself. For 
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this reason, CD-Rs and DVD-Rs include a highly reflective metal 
reflection layer on one side of the recording layer opposite 
from the side exposed to the laser light. In short, for the 
purpose of ensuring a high reflective index and a high modulation 
and thus ensuring the compatibility with ROMs , CD-Rs and DVD-Rs 
both employ an organic dye material that, when illuminated with 
light in the wavelength range of the recording/reproducing laser , 
melts or degrades to change its refractive index from a 
relatively high value to a relatively low value. 

[0006] 

[Patent Article l] 

Japanese Laid-open Patent Publication No. 2001-273672 

[0007] 

[Problems to be Solved by the Invention] 

The advanced optical recording media, in which 
blue-violet semiconductor laser light (390 to 420 nm in 
wavelength) is use as the recording/reproducing laser light, 
generally have a low reflective index, since there is difficulty 
in principle in imparting a high reflectance comparable to that 
of ROMs to the rewritable media (RW) , which use a phase-change 
material in their recording layers. Thus, if a rewritable 
optical recording medium is developed that, unlike CD-Rs and 
DVD-Rs , does not require a high reflective index, it will become 
possible to use, in the recording layer of the recording medium, 
an organic dye material that , when irradiated with laser light. 
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melts or degrades to cause the refractive index to change from 
a relatively low value to a relatively high value. This 
possibility is suggested in Japanese Patent Laid-Open 
Publication No. 2001-273672. 
[0008] 

However, no organic dye materials have been known thus 
far that melts or degrades to cause the reflective index to 
change from a relatively low value to a relatively high value 
by the wavelength range of the recording/reproducing laser of 
390 to 420 nm. Also, unlike the case with CD-Rs and DVD-Rs, 
it is generally considered difficult to adapt the longer 
wavelength region of the absorbance spectrum to the range of 
390 to 420 nm. While some UV-absorbing agents are known to 
have the longer wavelength region of their absorbance spectrum 
within the range of 390 to 420 nm, the relatively short conjugate 
system of, and thus the relatively small molecular size of, 
the UV-absorbing agents make them less soluble in an organic 
solvent. Not only does this make UV-absorbing agents 
unsuitable for use in spin-coating, but it also makes them 
susceptible to crystallization when the agents are formed into 
a thin film. 
[0009] 

Accordingly, it is an objective of the present invention 
to provide an optical recording medium that includes a recording 
layer composed mainly of an organic compound and can utilize 
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blue-violet semiconductor laser light (390 to 420 nm in 
wavelength) as the recording/reproducing laser light. It is 
also an objective of the present invention to provide an optical 
recording/reproducing method using the optical recording 
medium . 

[0010] 

[Means to Solve the Problems] 

Thus , one aspect of the present invention provides an 
optical recording medium comprising at least a supporting 
substrate; a recording layer on the supporting substrate, the 
recording layer containing an organic compound as a major 
component ; and a light- transmitting layer on the recording layer, 
the light -transmitting layer being capable of transmitting 
laser light with a wavelength of 390 to 420 nm for recording 
and reproducing information, wherein the organic compound in 
the recording layer includes a trimethine cyanine dye that has 
the minimum value n mln of its refractive index n (real part of 
the complex refractive index) within the range of 370 to 425 
nm and has a refractive index n of 1 . 2 or lower with respect 
to the wavelength of the recording/reproducing laser light, 
and the organic compound, when absorbing the laser light, melts 
or degrades to bring about a change in the refractive index, 
thereby effecting recording of the information. 

[oon] 

The present invention is the above-described optical 
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recording medium, wherein, at the wavelength of the reproducing 
laser light, the melting or the degradation of the organic 
compound causes an increase in the refractive index n of the 
organic compound. 
[0012] 

The present invention is the above-described optical 
recording medium, wherein the organic compound has an extinction 
coefficient k (imaginary part of the complex refractive index) 
of 0.15 or above, with respect to both the wavelength of the 
recording laser light and the wavelength of the reproducing 
laser light . 
[0013] 

The present invention is the above -described optical 
recording medium, wherein the trimethine cyanine dye contains 
a trimethine chain with two nitrogen-containing heterocyclic 
rings positioned on ends of the trimethine chain, one of the 
two nitrogen- containing heterocyclic rings being selected from 
the group consisting of benzoxazole, thiazoline, and thiazole, 
and the other of the two heterocyclic rings being selected from 
the group consisting of benzoxazole , benzimidazole , indolenine, 
thiazoline, and thiazole. 
[0014] 

The present invention is the above-described optical 
recording medium, wherein the trimethine cyanine dye contains 
a trimethine chain with two nitrogen-containing heterocyclic 
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rings positioned on ends of the trimethine chain, the two 
nitrogen-containing heterocyclic rings being identical to one 
another . 
[0015] 

The present invention is the above-described optical 
recording medium, wherein the recording layer contains, in 
addition to the organic compound, a quencher. 
[0016] 

The present invention is the above-described optical 
recording medium, in which lands and grooves are formed on the 
supporting substrate with the grooves being 60 to 150 nm in 
depth. In another embodiment, the present invention is the 
above-described optical recording medium, in which only the 
land area serves as the recording area. 
[0017] 

The present invention is the above-described optical 
recording medium, which comprises a dielectric layer on the 
recording layer and the light- transmitting layer on the 
dielectric layer. In another embodiment, the present 
invention is the above-described optical recording medium, in 
which the dielectric layer has a refractive index n 4 (real part 
of the complex refractive index) of 2 or higher and an extinction 
coefficient k 4 (imaginary part of the complex refractive index) 
of 0 . 2 or lower with respect to the wavelength of the 
recording/reproducing laser light. 
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[0018] 

The present invention is the above -described optical 
recording medium, in which the light- transmitting layer has 

a thickness of 1 to 150 nm in the signal recording/reproducing 
region, 

[0019] 

Another aspect of the present invention is an optical 
recording/reproducing method, comprising the steps of: 

providing an optical recording medium comprising at least 
a supporting substrate; a recording layer on the supporting 
substrate, the recording layer containing an organic compound 
as a major component; and a light-transmitting layer on the 
recording layer, the light- transmitting layer being capable 
of transmitting laser light with a wavelength of 390 to 420 
nm for recording and reproducing information, wherein the 
organic compound in the recording layer includes a trimethine 
cyanine dye that has the minimum value n min of its refractive 
index n (real part of the complex refractive index) within the 
range of 370 to 425 nm and has a refractive index n of 1.2 or 
lower with respect to the wavelength of the 

recording/reproducing laser light, and the organic compound, 
when absorbing the laser light , melts or degrades to bring about 
a change in the refractive index; 

irradiating a recording laser light of 390 to 420 nm onto 
the optical recording medium from the light- transmitting layer 
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side thereof to effect recording of the information, whereupon 
the refractive index n of the organic compound with respect 
to the wavelength of reproducing laser light of 3 90 to 4 20 nm 
is raised in the area irradiated with the recording laser light ; 
and 

subsequent to the recording step, irradiating the 
reproducing laser light of 390 to 420 nm onto the optical 
recording medium from the light - transmitting layer side thereof 
to effect reproducing of the information, 
[0020l 

[Mode for Carrying Out the Invention] 

An optical recording medium (referred to simply as 
'optical disk, ■ hereinafter) of the present invention will now 
be described with reference to the accompanying drawing. 

[0021] 

Referring to the figure 1, one exemplary construction 
of the optical disk of the present invention is shown in a 
schematic cross-section. In the figure 1, the optical disk 
(1) includes a recording layer (3), a dielectric layer (4) and 
a light -transmitting layer (5) in this order on a surface of 
a supporting substrate (2) where information pits, pregrooves 
and other fine features are formed. The laser light upon the 
optical disk (1) passes through the light -transmitting layer 
(5) to record or reproduce the information. 
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[0022] 

The supporting substrate (2) is 0.3 to 1.6 nun thick and 
preferably, 0.5 to 1.3 nun thick, and includes information pits , 
pregrooves, lands, and other fine features formed on the same 
surface where the recording layer ( 3 ) is formed . In the present 
invention, the grooves (G) functioned as guide slots are 
positioned closer to the side where laser light is irradiated 
(light-transmitting layer (5) side), and the grooves (G) are 
formed between the lands (L) . The grooves (G) are generally 
formed as spirals . 
[0023] 

The depth (Gd) of the groove (G) is defined as the 
difference in height between the highest point of the land (L) 
and the lowest point of the groove (G) and is preferably in 
the range of 40 to 150 nm, and more preferably in the range 
of 60 to 120 nm. By setting the depth (Gd) of the groove (G) 
within this range, sufficient tracking control is achieved and 
crosstalk can be prevented. If formed with a depth (Gd) of 
less than 40 nm, the grooves (G) are inclined to result in a 
decrease in tracking error signals, which are required for 
following the tracks, an increase in crosstalks, and a decrease 
in wobble signals and other pref ormatted signals . On the other 
hand, the grooves (G) with a depth (Gd) greater than 150 nm 
make it difficult to accurately form the lands ( L ) and the grooves 
(G) and may result in reduced reflection signals and reduced 
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sensitivity. 
[0024] 

The width (Gw) of the groove (G) is defined as a width 
of the groove measured at half the groove depth (Gd) and is 
preferably in the range of 110 to 210 nm, and more preferably 
in the range of 130 to 190 nm. The pitch (Gp) of the grooves 
(G) is defined as a distance between adjacent grooves and may 
be defined as a distance between midpoints of the adjacent 
grooves taken along the width (Gw) . The groove pitch (Gp) is 
for example in the range of 290 to 350 nm, and preferably in 
the range of 310 to 330 nm. Such construction is effective 
in preventing crosstalks. 
[0025] 

While the land- and- groove recording method or the groove 
recording method may be employed in recording information on 
the optical recording medium of the present invention, the land 
recording method, by which only the lands are used as recording 
areas, is preferred. When the supporting substrate (2) has 
the above -described construction and the recording layer (3) 
composed mainly of the organic compound is formed over the 
supporting substrate (2) using spin-coat technique, the 
recording layer (3) tends to be formed with a larger thickness 
in the land areas than in the groove areas with more organic 
compound formed in the land areas. For this reason, it is 
preferred to use the lands as only recording areas. 
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[0026] 

Materials for the supporting substrate (2) should not 
necessarily be optically transparent and may include various 
plastic materials such as polycarbonate resin and polymethyl 
methacrylate (PMMA) and other acryl resins , and polyolef in resin . 
The use of such flexible materials is particularly effective 
in the present invention since the substrate can be kept from 
warping. This, however, does not exclude the use of glass, 
ceramics, and metals. The features are mostly formed by 
injection molding when a plastic material is used and by 
photopolymer technique (2P technique) when other materials are 
used. 
[0027] 

The recording layer (3), which contains the organic 
compound as a major component, is formed over the supporting 
substrate (2) . The organic compound has the minimum value n min 
of its refractive index n (real part of the complex refractive 
index) within the range of 370 to 425 nm and includes a trimethine 
cyanine dye that has a refractive index n of 1 . 2 or lower with 
respect to the wavelength of the recording/reproducing laser 
light. The trimethine cyanine dye, when absorbing the 
recording laser light with a wavelength of 390 to 420 nm, melts 
or degrades to cause a change in the refractive index . By saying 
"the recording layer contains the organic component as a major 
component, " it is meant that, aside from essential components. 
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the recording layer is composed of the organic compound. The 
recording layer may, however, contain organic compounds other 
than the organic compound that has the characteristics mentioned 
above (for example, a quencher) and may also contain certain 
inorganic compounds in an amount of 10% or less by weight for 
the purpose of improving properties of the layer. 
[0028] 

The refractive index n ( real part of the complex refractive 
index) for the recording laser light of 390 to 420 nm is selected 
to be 1 . 2 or below , so that , upon recording , the organic compound , 
absorbing the recording laser light of 390 to 420 nm, melts 
or degrades to cause the refractive index to change from a 
relatively low value to a relatively high value (for example, 
1.45 to 1.65). In this manner, recording pits are formed to 
record information. Upon reproduction of information, the 
information is read by taking advantage of the difference in 
the reflective index for the reproducing laser light of 390 
to 420 nm between the recording pit and the surrounding 
non-recording region. On the basis of this principle, 
recording with the recording laser light of 390 to 420 nm and 
reproduction with the reproducing laser light of 390 to 420 
nm can be effected. To cause a more significant change in the 
refractive index, the minimum value n m m of the refractive index 
n within the range of 370 to 425 nm is preferably selected to 
be 1.1 or lower, and more preferably 1 . 0 or lower. Although 
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there is no particular lower limit for the minimum value n min , 
it is typically selected to be approximately 0.7. 
[0029] 

The extinction coefficient k (imaginary part of the 
complex refractive index) of the subject organic compound is 
preferably 0.15 or larger, and more preferably 0 . 3 or larger, 
for the wavelength range of both the recording laser light and 
the reproducing laser light . The extinction coefficient k for 
the wavelength of the recording laser light of 0.15 or larger 
allows the recording laser light to be properly absorbed by 
the area on which the recording pits are formed. This causes 
the local temperature to rise and facilitates melting or 
degradation of the organic compound, which in turn causes the 
refractive index to change. In contrast, the extinction 
coefficient k for the wavelength of the recording laser light 
of less than 0.15 will result in a reduced absorption of the 
recording laser light, making it difficult to effect recording 
with normal recording power. On the other hand, the extinction 
coefficient k for the wavelength of the reproducing laser light 
of 0.15 or larger provides a desired reflective index in the 
non-recording areas. This helps to detect the difference in 
the reflective index between the recording pits and the 
non-recording area. However, the extinction coefficient k for 
the wavelength of the reproducing laser light is preferably 
kept at 0 . 95 or smaller since too large an extinction coefficient 
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k may cause a reduced reflective index. For these reasons, 
the extinction coefficient k of the subject organic compound 
is preferably in the range of 0.3 to 0.95, and more preferably 
in the range of 0.4 to 0.8, with respect to the wavelength of 
both of the recording laser light and the reproducing laser 
light. 
[0030] 

In the present invention, the refractive index n (real 
part of the complex refractive index) and the extinction 
coefficient k (imaginary part of the complex refractory index) 
of the organic compound are measured based on the absorption 
spectrum of the organic compound in the form of thin film. In 
general, the absorption spectrum of a thin film is obtained 
in the following manner: an organic compound for which to 
determine the absorption spectrum is dissolved in a suitable 
organic solvent. Using spin-coat technique, the resulting 
solution is applied onto a groove- or pit -free polycarbonate 
plate to a film thickness of about 40 to 100 nm. Care must 
be taken to keep the organic compound from having a particular 
orientation. Should the organic compound undergo significant 
crystallization or association during evaporation of the 
solvent in the spin-coat process, a different solvent may be 
used. Using a spectrophotometer, the resulting polycarbonate 
substrate with a thin film of the organic compound was measured 
for the transmission and absorbance spectra. 
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[0031] 

In the present invention, a trimethine cyanine dye that 
meets the requirements for the above -described conditions is 
used to serve as the above -described organic compound. 
Provided that the above-described conditions are met, the 
trimethine cyanine dye is selected from those expressed by the 
following general formula (I): 
[0032] 

[Chemical Equation l] 




[0033] 

wherein Q and Q 1 may or may not be identical to one another 
and each independently represent an atom group forming a 
nitrogen-containing heterocyclic rings, which may be a 
condensed ring and may be substituted or unsubstituted; Y 
represents a hydrogen atom, a halogen atom, a lower alkyl group 
such as methyl, or a phenyl group; R x and Ri 1 may or may not 
be identical to one another and each independently represent 
a substituted or unsubstituted alkyl group having 1 to 6, 
preferably 1 to 4 , carbon atoms (i.e., methyl, ethyl, propyl, 
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and butyl) ; X" represents an anion, which may be a halogen ion 
such as Cl~, Br", and I", C10 4 ", BF 4 ~ , PF 6 " , SbF 6 " , or SCN" ; and 
m is 0 or 1. 
[0034] 

In the general formula (I), the nitrogen-containing 
heterocyclic ring on either end of the trimethine chain may 
be a benzoxazole (A), benzimidazole (B) , indolenine (C) , 
thiazoline (D) , or thiazole (E), as represented by the following 
general formulae (in each formula, N is conveniently shown in 
the charged state) : 
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[0035] 

[Chemical Equation 2] 




(E) 

i 

Ri 

[0036] 

In the general formula (A) representing a benzoxazole, 
Ri is a substituted (with, for example, an alkoxy group) or 
unsubstituted alkyl group having 1 to 4 carbon atoms (i.e., 
methyl, ethyl, propyl, and butyl, with propyl and butyl 
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particularly preferred). R 2 , R 3 , R4 and R 5 may or may not be 
identical to one another and each independently represent a 
hydrogen atom, alkyl group, nitro group, alkoxy group, or a 
halogen atom such as CI. 
[0037] 

In the general formula (B) representing a benzimidazole, 
Ri is a substituted or unsubstituted alkyl group having 1 to 
4 carbon atoms (i.e., methyl, ethyl, propyl, and butyl, with 
propyl and butyl particularly preferred) . R 6 represents a 
methyl or ethyl group . R 2 , R 3 , R4 and R 5 may or may not be identical 
to one another and each independently represent a hydrogen atom, 
alkyl group, nitro group, alkoxy group, or a halogen atom such 
as CI . 
[0038] 

In the general formula (C) representing an indolenine, 
Ri is a substituted (with, for example, an alkoxy group) or 
unsubstituted alkyl group preferably having 1 to 4 carbon atoms 
(i.e. , methyl, ethyl, propyl, and butyl) . R 7 and R 8 may or may 
not be identical to one another and each independently represent 
a methyl or ethyl group. R 2 , R 3 , R4 and R 5 may or may not be 
identical to one another and each independently represent a 
hydrogen atom, alkyl group, nitro group, alkoxy group, or a 
halogen atom such as CI. 
[0039] 

In the general formula (D) representing a thiazoline, 
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Ri is a substituted (with, for example, an alkoxy group) or 
unsubstituted alkyl group having 1 to 4 carbon atoms (i.e., 
methyl, ethyl, propyl, and butyl, with propyl and butyl 
particularly preferred). R 9 , R 10 , Ru and R i2 may or may not 
be identical to one another and each independently represent 
a hydrogen atom, alkyl group, or a halogen atom such as CI. 
[0040] 

In the general formula (E) representing a thiazole, R x 
is a substituted (with, for example, an alkoxy group) or 
unsubstituted alkyl group having 1 to 4 carbon atoms (i.e., 
methyl, ethyl, propyl, and butyl, with propyl and butyl 
particularly preferred) . R 13 and R i4 may or may not be identical 
to one another and each independently represent a hydrogen atom, 
alkyl group, or a halogen atom such as CI. 
[0041] 

In the general formula (I), one of the two 
nitrogen-containing heterocyclic rings positioned on ends of 
the trimethine chain is selected from the group consisting of 
the benzoxazole (A), the thiazoline (D) and the thiazole (E), 
and the other of the two heterocyclic rings is selected from 
the group consisting of the benzoxazole (A) , the benzimidazole 
(B), the indolenine (C) , the thiazoline (D) , and the thiazole 
( E ) . The trimethine cyanine dye is particularly preferred when 
the two nitrogen-containing heterocyclic rings on ends of the 
trimethine chain are identical to one another to give the dye 
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a symmetrical structure. Specifically, trimethine cyanine 
dyes of symmetrical structure with both of the two 
nitrogen-containing heterocyclic rings being one selected from 
the group consisting of the benzoxazole (A) , the thiazoline 
(D) and the thiazole (E) are more preferred. The trimethine 
cyanine dyes with symmetrical structure tend to have a smaller 
refractive index n (real part of the complex refractive index) 
in the rangeof 370 to 425 nmas compared to those with asymmetrical 
structure. This is preferable since significant modulation 
can be achieved before and after recording. Two or more 
different trimethine cyanine dyes may be used together for the 
purposes of adjusting the refractive index n and the extinction 
coefficient k and enhancing the solubility of the dye. 
[0042] 

More specifically, the following trimethine cyanine dyes 
may be used: 
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[0043] 

[Chemical Equation 3] 





AA-2 




C4H9 J - C4Hg 
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[0044] 

[Chemical Equation 4] 




[0045] 

These trimethine cyanine dyes may be used either 
individually or in combination of two or more dyes or may be 
used in conjunction with a singlet oxygen quencher (which will 
be described later) so as to obtain desired values for the 
refractive index n (real part of the complex refractive index) 
and the extinction coefficient k (imaginary part of the complex 
refractive index) in the range of 390 to 420 nm. 
[0046] 

In the present invention, it is preferred that the 
recording layer (3) further contain, aside from the trimethine 
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cyanine dyes, a singlet oxygen quencher. It is also preferred 
that the recording layer (3) contain a singlet oxygen quencher 
anion in the form of ionically-bonded compound formed with a 
cation dye. 
[0047] 

Preferred examples of the quencher include metal 
complexes of acetylacetonato quenchers, bisdithiol quenchers, 
such as bisdithio-alpha-diketone and bisphenyldithiol 
quenchers, and thiocatechol quenchers , salicylaldehyde-oxime 
quenchers , and thiobisphenolate quenchers . Also preferred are 
amine compounds containing radical cation of nitrogen and amine 
quenchers such as sterically hindered amines. 
[0048] 

A preferred dye to form the ionically-bonded compound 
is a cyanine dye having an indolenine ring . A preferred quencher 
is a metal complex dye such as bisphenyldithiol metal complex. 
[0049] 

The quencher and the cyanine dye may be added to the 
recording layer (3) either individually or in the form of 
ionically-bonded compound. In either case, the quencher is 
added preferably in an amount of 1 mole or less , and particularly 
in an amount of about 0.0 5 to about 0.8 moles, with respect 
to 1 mole of the total cyanine dye. In this manner, the light 
resistance of the recording layer (3) is increased. 
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[0050] 

Preferably, the recording layer (3) is formed using 
spin-coat technique. Specifically, a coating solution, which 
has been prepared by dissolving the aforementioned cyanine dye 
and, if necessary, the singlet oxygen quencher in a suitable 
solvent, is spin-coated onto the supporting substrate (2) and 
is dried, when necessary. The screen-printing technique, the 
dipping technique, or other suitable coating technique may also 
be employed. 
[0051] 

The organic solvent used in the coating solution for 
forming the recording layer (3) may be suitably selected 
depending on the type of the dye used and may be an alcohol, 
ketone, ester, ether, aromatic solvent , fluorinated alcohol, 
or a halogenated alkyl. A preferred example of the organic 
solvent is 2,2,3,3- tetraf luoropropanol . 
[0052] 

The recording layer (3) is 30 to 120 nm thick, and 
preferably 40 to 80 nm thick, in the land area. A proper 
thickness of the recording layer may be determined by taking 
into account factors including the desired reflective index, 
degree of modulation , and the heat interference with the ad j acent 
tracks and marks . Among parameters known to affect these 
factors are geometry of the substrate, behavior of the thermally 
degrading dye, optical characteristics of the dye, optical 
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characteristics and heat conductivity of the adjacent layers. 
[0053] 

Preferably, a dielectric layer (4) is formed over the 
recording layer (3) . The dielectric layer (4) not only serves 
to provide mechanical and chemical protection for the recording 
layer (3) but also serves as an interference layer for adjusting 
optical characteristics of the recording layer (3). The 
dielectric layer ( 4 ) may consist of a single layer or a plurality 
of layers . 
[0054] 

Formed on top of the recording layer (3) , the dielectric 
layer (4) must transmit the recording/reproducing laser light 
of 390 to 420 nm. Preferably, the dielectric layer (4) has 
a refractive index n 4 (real part of the complex refractive index) 
of 2 or higher with respect to the wavelength of the 
recording/reproducing laser light. The refractive index n 4 
that is higher than 2 is preferred since it allows easy adjustment 
of the reflective index of the optical recording medium to a 
desired range (for example, 15 to 20%). While there is no 
specific upper limit set for the value of n 4 , materials known 
to transmit light of 390 to 420 nm generally have a refractive 
index of approximately 3. It is also preferred that the 
dielectric layer has an extinction coefficient k 4 (imaginary 
part of the complex refractive index) of 0 . 2 or lower with respect 
to the recording/reproducing laser light. The extinction 
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coefficient k 4 that is 0.2 or lower is preferred since it leads 
to a reduced energy absorption by the dielectric layer, allows 
a wider margin for the adjustment of the reflective index of 
the medium, and provides an increased sensitivity. Though not 
limited to a particular value, the lower limit of the extinction 
coefficient k 4 is approximately 0. 
[0055] 

The dielectric layer (4) may be made from an oxide, nitride, 
sulfide, fluoride, or a composite material thereof of at least 
one metal selected from the group consisting of Si, Zn, Al, 
Ta, Ti, Co, Zr, Pb, Ag, Zn, Sn, Ca, Ce, V, Cu, Fe, and Mg. It 
is particularly preferred that the dielectric layer (4) is made 
from ZnS-Si0 2 , A1N, or Ta 2 0 3 in view of the above -described 
preferred values for the refractive index n 4 and the extinction 
coefficient k 4 . As for ZnS-Si0 2 , the Si0 2 content is preferably 
in the range of 10 mol% to 40 mol%. The dielectric layer can 
be formed using techniques such as the ion-beam sputtering, 
the reactive sputtering, and the RF sputtering techniques. A 
proper technique that does not cause damage to the recording 
layer is selected from these techniques. 
[0056] 

While not limited to a particular value, the thickness 
of the dielectric layer (4) is for example from about 2 0 to 
about 150 nm, preferably from 30 to 70 nm. If less than 20 
nm thick, the dielectric layer (4) may allow penetration of 
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some components of the light- transmitting layer (5) to the 
recording layer (3). In contrast, the dielectric layer (4), 
if more than 150 nm thick, will exhibit too high a heat 
conductivity, which may result in a reduced sensitivity. 
[0057] 

A light -transmit ting layer (5) is formed on the dielectric 
layer (4), or in the absence of the dielectric layer (4), on 
the recording layer ( 3 ) . 

The material for the light-transmitting layer (5) may 
be selected from UV-curable resins, electron beam-curable 
resins, thermosetting resins, or other proper resins, as long 
as these materials are optically transparent, show low 
absorbance and low reflectivity for the wavelength range of 
the laser light used (I.e., 390 to 420 nm) , and have a low 
birefringence. Those resins that are curable by an activation 
energy ray, including UV-curable resins and electron 
beam- curable resins, are preferred. These materials are 
preferably of non- solvent type. 
[0058] 

Specifically, the activation energy ray-curable resin 
is preferably made from a UV (or electron beam) -curable compound 
or a polymerization composition thereof. Examples of such 
materials include monomers , oligomers , and polymers that , 
within their molecules, contain or incorporate bonds that form 
crosslinks , or cause polymerization , upon exposure to UV-light , 
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including acrylic double bonds found in compounds such as ester 
compounds of acrylic acid and methacrylic acid, epoxy acrylate , 
and urethane acrylate; allylic double bonds found in compounds 
such as diallylphthalate; and unsaturated double bonds found 
in compounds such as maleic acid derivatives . These compounds 
are preferably polyf unctinal, and particularly trif unctional 
or higher, and may be used individually or in combination of 
two or more compounds- The compounds may include those that 
are monof unctional . 
[0059] 

Preferably, the UV-curable monomers are compounds with 
a molecular weight of less than 2000, and the UV-curable 
oligomers are compounds with a molecular weight of 2000 to 10000 . 
Examples of these compounds include styrene, ethyl acrylate, 
ethyleneglycol diacrylate, ethyleneglycol dimethacrylate, 
diethyleneglycol diacrylate, diethyleneglycol methacrylate , 
1 , 6-hexaneglycol diacrylate, and 1 , 6-hexaneglycol 
dimethacrylate. Among particularly preferred are 
pent aery thry tol tetra ( meth ) acrylate , pen t aery thrytol 
( meth ) acrylate , trimethylolpropane tr i ( meth ) acrylate , 
trimethylolpropane di (meth) acrylate , and (meth) acrylates of 
phenolethyleneoxide adducts. Other UV-curable oligomers 
include modified acrylic compounds of oligoester acrylates and 
urethane elastomers . 
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[0060] 

Compositions containing an epoxy resin and a photo cation 
polymerization catalyst may also suitably used as the UV- curable 
material . Such an epoxy resin is preferably an alicyclic epoxy 
resin, and more preferably, an alicyclic epoxy resin having 
two or more epoxy groups within its molecule. Preferably, the 
alicyclic epoxy resin is at least one selected from the group 
consisting of 

3 , 4-epoxycyclohexylmethyl-3 , 4-epoxycyclohexane carboxylate, 
bis- ( 3 , 4-epoxycyclohexylmethyl) adipate, 
bis- ( 3 , 4 -epoxycyclohexyl) adipate, 

2 - ( 3 , 4 - epoxy cyclohexyl -5,5- spir o -3,4- epoxy ) cyclohexane -me t 
h-dioxane, bis( 2 , 3-epoxycyclopentyl) ether , and 
vinylcyclohexene dioxide. While epoxy equivalent of the 
alicyclic epoxy resin is not limited to a particular value, 
it is preferably in the range of 60 to 300, and more preferably 
in the range of 100 to 200 since the alicyclic epoxy resin having 
epoxy equivalent in this range can ensure a high curability. 
[0061] 

The photo cation polymerization catalyst may be any known 
catalyst used for this purpose. Examples include one or more 
of complexes of metal f luoroborates and boron trifluoride, 
bis(perf luoroalkylsulf onyl ) methane metal salts, aryl 
diazonium compounds, aromatic onium salts of elements of group 
6A of the periodic table, aromatic onium salts of elements of 
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group 5A of the periodic table, dicarbonyl chelates of elements 
of group 3A to group 5A of the periodic table, thiopyrilium 
salts, elements of group 6A with MF6 anion (where M is P, As 
or Sb), complex salts of triarylsulf onium, complex salts of 
aromatic iodonium, and complex salts of aromatic sulf onium. 
Preferably, one or more of complex salts of polyarylsulf onium, 
aromatic sulfonium salts or iodonium salts of 
halogen-containing complex ions, and aromatic onium salts of 
elements of groups 3A, 5A and 6A. 
[0062] 

Preferably, the activation energy ray- curable resin used 
in the light- transmitting layer (5) has a viscosity (25°C) of 
1,000 to 10,000 cp. 
[0063] 

The activation energy ray- curable resin is spin-coated 
on the dielectric layer (4) and is subsequently exposed to 
UV-light or other activation energy light for curing to form 
the light-transmitting layer (5). 
[0064] 

A resin sheet with a desired thickness to serve as the 
light -transmitting layer (5) may be adhered using an adhesive, 
provided that the resin and the adhesive are both optically 
transparent, show low absorbance and low reflectivity for the 
wavelength range of the laser light used (I.e. , 390 to 420 nm) , 
and have a low birefringence. 
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[0065] 

Examples of the resin for use in the resin sheet include 
polycarbonate, amorphous polyolefin, and polyester. Prior to 
adherence, the resin sheet maybe subjected to annealing (thermal 
relaxation) in the temperature range of -20°C to +80°C with 
respect to the heat deformation temperature of the resin. This 
is to remove the residual stress generated during the production 
of the sheet. Without annealing, the residual stress of the 
sheet may cause deformation of the disk during storage. The 
annealing may be carried out by using various heating means, 
including a heater, hot plate, hot roller, bake furnace, and 
electromagnetic induction, which is properly selected for use 
depending on required conditions for the process. 
[0066] 

The adhesive for adhering the sheet may be selected from 
pressure-sensitive adhesives and UV-curable resins. For 
example, the activation energy ray-curable resin described 
above as a material for the light- transmitting layer (5) can 
also serve as a suitable material for the adhesive for adhering 
the sheet . 
[0067] 

When used as the adhesive, the activation energy 
ray-curable resin is spin-coated onto the dielectric layer ( 4 ) . 
The sheet is placed on an uncured resin layer and is then 
irradiated with UV-light or other activation energy rays to 
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cure the resin layer. In this manner, the adhered sheet can 
serve as the light- transmitting layer (5) . More specifically, 
the sheet is placed on the still uncured resin layer under vacuum 
(0,1 atm or less ) , which is then raised to atmospheric pressure . 
UV- light is then irradiated onto the sheet to cure the resin 
layer . 
[0068] 

In general , a correlation exists among the disk skewmargin 
9 (referred to simply as 'skew margin," hereinafter), the 
wavelength A of the recording/reproducing laser light, and the 
numerical aperture NA of the objective lens: Japanese Patent 
Laid-Open Publication No. Hei 3-225650 discloses the following 
relationship that holds between these factors and the skew 
margin : 

6 oc x/[t x (NA) 3 ] . 

[0069] 

In actual mass production of optical disks, if the 
permissible skew is determined to be 0.4° in view of product 
yield and production cost , and given that short wavelength laser 
(X= 380 nm) is used with an objective lens with a high numerical 
aperture (NA ^ 0.76), the light-transmitting layer with a 
thickness of 170 \xm or less is thin enough to ensure a skew 
margin comparable to that required in DVDs . 
[0070] 

On the other hand, the minimum thickness of the 
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light-transmitting layer (5) is preferably 1 \xm or larger in 
order to ensure protection of the dielectric layer (4) and the 
recording layer (3). However, when the resin sheet is used 
to serve as the light- transmitting layer (5), the minimum 
thickness of the light-transmitting layer (5) is preferably 
kept at 50 fxm or larger including the thickness of the adhesive 
since the resin makes it difficult to form a sheet with uniform 
thickness. Thus, the preferred range for the thickness t of 
the light- transmitting layer (5) is from 1 to 150 \im when the 
layer is formed by coating, and from 50 to 150 when the layer 
is formed by adhering a resin sheet. 

[007l3 

[Examples] 

The present invention will now be described in detail 
with reference to several examples, which are intended to be 
only illustrative and not exhaustive. 

[0072] 
[Example 1] 

A grooved polycarbonate substrate, 1 . 1 mm thick and 120 
mm in diameter, was used to serve as the supporting substrate 
(2). Referring to the figure 1, the groove depth (Gd) was 85 
nm, the groove width (Gw) was 160 nm, and the groove pitch (Gp) 
was 320 nm (= track pitch). 
[0073] 

0.08 g cyanine dye, denoted as DD-1, dissolved in 9.9 2 g 
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2 , 2 , 3 , 3 # -tetraf luoropropanol was spin-coated onto the surface 
of the supporting substrate (2) to form a layer serving as the 
recording layer (3) with a thickness of approximately 60 nm 
in the land area. 
[0074] 

Analysis of the absorbance spectrum of the recording layer 
( 3 ) revealed that the recording layer ( 3 ) containing the cyanine 
dye DD-1 had the minimum refractive index (real part of the 
complex refractive index) n mln of 0 . 88 at 404 nm and a refractive 
index n of 0.88 and an extinction coefficient (imaginary part 
of the complex refractive index) of 0.46 at 405 nm. 
[0075] 

Using RF sputtering technique, a layer of ZnS(80 
mol%) -SiO 2 (20 mol%) to serve as the dielectric layer (4) was 
formed on the recording layer (3) to a thickness or about 50 
nm. The dielectric layer (4) had a refractive index (real part 
of the complex refractive index) n 4 of 2.3 and an extinction 
coefficient (imaginary part of the complex refractive index) 
k 4 of 0. 
[0076] 

A UV-curable resin (viscosity at 25°C = 5000 cp) was then 
spin-coated onto the dielectric layer (4) and was subsequently 
irradiated with UV-light to form an about 100 \xm thick layer 
to serve as the light- transmitting layer (5) . In this manner, 
a sample optical disk with a layer construction of the figure 
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1 was obtained. 

[0077] 
[Examples 2 to 4] 

In each of Examples 2 to 4 , a sample optical disk was 
prepared in the same manner as in Example 1 , except that in 
place of the cyanlne dye DD-1, a cyanine dye DD-2 (Example 2) , 
a cyanine dye AA-1 (Example 3) , or a cyanine dye AA-2 (Example 
4) was used. 

[0078] 

[Comparative Examples 1 to 3] 

In each of Comparative Examples 1 to 3, a sample optical 
disk was prepared in the same manner as in Example 1, except 
that in place of the cyanine dye DD-1 , a cyanine dye a (Comparative 
Example 1 ) , a cyanine dye b (Comparative Example 2 ) , or a cyanine 
dye c (Comparative Example 3), each of which is shown below, 
was used. 
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[0079] 

[Chemical Equation 5] 




[0080] 
[Table l] 
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[0081] 

Characteristics of the cyanine dyes used in Examples 1 
to 4 and Comparative Examples 1 to 3 are shown in Table 1 below. 
(Transfer of pseudo-fingerprint patterns to the surface of disk 
samples ) 
[0082] 

[Recording/Reproducing Tests] 

The sample optical disk prepared in Example 1 was tested 
for the recording/reproducing performance in the following 
manner : 

The sample optical disk of Example 1 was mounted on an 
optical disk tester (Product name: DDU-1000, manufactured by 
Pulstech Industrial Co. , Ltd. ) . Using an objective lens with 
a NA of 0.85, a recording laser beam having a wavelength in 
the blue range (405 nm) was focused by a focusing lens placed 
within a recording head onto the land area of the optical disk 
to effect recording/reproducing information. The laser beam 
was shone from the light- transmitting layer side of the optical 
disk. 1.7 RLL-modulated signal (8T) was used as the recording 
signal with information recorded only on one track. Multiple 
pulse train was used for recording: Setting was made in such 
a manner that, assuming the length of the top pulse of the pulse 
train to be IT, the length of the last pulse was IT and the 
length of each of multiple pulses between the top and the last 
pulses was 0.4T (T = clock period) . Information was recorded 
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in such a manner that, with a recording power of 10 mW and a 
minimum pit length of 0.16 \xm, the recording line density was 
0 . 12 \xm of the channel bit length/bit . The recorded information 
was subsequently reproduced with a reproducing power of 0.4 
mW and, as a result, good signal characteristics were obtained. 
[0083] 

Likewise, the sample optical disks of Examples 2 to 4 
and Comparative Examples 1 to 3 were each tested for the 
recording/reproducing performance. Good signal 
characteristics were obtained in each of the sample optical 
disks of Examples 2 to 4, whereas the degree of modulation was 
small and the C/N ratio was insufficient after recording in 
the sample optical disk of Comparative Example 1 . The sample 
optical disks of Comparative Examples 2 and 3 required the 
recording power as large as about 15 mW and the sensitivity 
of these disks was significantly low. Moreover, the degree 
of modulation was small and the C/N ratio was insufficient after 
recording in these sample optical disks. 
[0084] 

[Effects of the Invention] 

According to the present invention, there is provided 
an optical recording medium including an organic recording layer 
that allows recording/reproducing of information with a high 
sensitivity and a high degree of modulation by using blue-violet 
semiconductor laser light (390 to 420 nm in wavelength) as the 
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recording/reproducing laser light. 
[Brief Description of the Drawings] 

[Fig. l] Figure is a schematic cross -section view 
showing main elements of one exemplary construction of an optical 
disk of the present invention. 

[Explanations of Numerals] 

(1) Optical disk 

(2) Supporting substrate 
( 3 ) Recording layer 

(4) Dielectric layer 

(5) Light-transmitting layer 
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[Name of Document] ABSTRACT 
[Abstract] 

[Problems to be Solved] 

The present invention provides an optical recording 
medium that includes a recording layer composed mainly of an 
organic compound and can utilize blue-violet semiconductor 
laser light (390 to 420 nm in wavelength) as 
recording/reproducing laser light . The present invention also 
provides an optical recording/reproducing method using the 
optical recording medium. 

[Means to Solve the Problems] 

The optical recording medium 1 comprises at least a 
supporting substrate 1; a recording layer 3 on the supporting 
substrate 1 , the recording layer 3 containing an organic compound 
as a major component; and a light- transmitting layer 5 on the 
recording layer 3 # the light- transmitting layer 5 being capable 
of transmitting laser light with a wavelength of 390 to 420 
nm for recording and reproducing information. The organic 
compound in the recording layer 3 includes a trimethine cyanine 
dye that has the minimum value n min of its refractive index n 
(real part of the complex refractive index) within the range 
of 370 to 425 nm and has a refractive index n of 1 . 2 or lower 
with respect to the wavelength of the recording/reproducing 
laser light. The organic compound, when absorbing the laser 
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light , melts or degrades to bring about a change in the refractive 
index, thereby effecting recording of the information. 
[Figure of the Drawings] Fig. 1 
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